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HUMIDIFIER WITH REVERSE OSMOSIS FILTER 



Cross Reference to Related Applications 

This reference claims priority to provisional application Serial No. 
60/417,919 filed on October 11, 2002, which application is herein incorporated by 
reference. 

Technical Field 

This disclosure relates generally to methods and devices for 
conditioning air. More p£irticularly, this disclosure relates to a humidifier including a 
reservoir and heating element. 

Background 

A wide variety of arrangements have been utilized for conditioning air 
by increasing the air humidity. The benefits of maintaining proper humidity levels in 
a home are well documented. As the house heats up it can easily become dry. 
Hardwood floors and stairs creak firom a lack of moisture. Other wood furnishing can 
literally dehydrate and shrink, developing cracks in their finish and gaps between their 
joints. 

A proper humidity level also makes a house more comfortable for 
people living in it. Dry air can even feel colder than actual thermostat settings. A 
humidifier system can help lower heating bills by adding humidity, which actually 
makes the air feel warmer. 

There are many types of humidifiers, for example, drum humidifiers, 
flow-through humidifiers, and steam-powered humidifiers. Drum humidifiers include 
a pad mounted to a motorized cylindrical drum. A motor rotates the pad through a 
reservoir of water as air is bypassed through the pad to become humidified. The 
humidified air is mixed with return air. Humidifier drums however need frequent 
maintenance, requiring cleanout every month or two to prevent evaporative water 
buildup in the reservoir and on the pad. 
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Flow-through humidifiers use a portion of the air supplied by a 
furnace, which is sent through a bypass duct to generate airflow across a water 
saturated humidifier pad. The humidified air is then routed back to the return side of 
the furnace where it is blended with air from the cold air return, heated, and returned 
5 to the home environment. Flow through units deliver humidity to the home only 
when the fiimace is operating. In cases where there is not enough furnace run-time, 
such as in a climate with a mild winter, proper levels of humidity are not maintained. 

Steam powered humidifiers are an alternative that provides more 
consistent humidity because they deliver rated humidification on demand, 

10 independent of the furnace run time. A steam powered humidifier typically mounts 
under a supply or return air duct and has a heating element that boils water in a 
reservoir when a humidistat calls for additional humidity. If humidity is called for, 
the system will turn on the fiimace fan to distribute the humidity. Similar to the drum 
humidifiers, however, conventional steam powered humidifiers require firequent 

1 S cleanout maintenance to eliminate evaporative water buildup in the reservoir and on 
the heating element. 

Whole house residential humidifiers that incorporate water reservoirs 
are susceptible to multiple modes of failure due to contaminants in the supply water. 
Systems that use direct immersion heating elements or rotating evaporative drums, act 

20 as collectors for solid content, since the water quality on the supply side is 

uncontrolled. The solid content can accumulate and lead to premature failure of, for 
example, the heating element in steam humidifiers, or loss of absorptive capacity of 
the evaporative elements. 

Periodic flushing can mitigate the solid content accumulation problem. 

25 There are a number of reasons why flushing does not, however, fully address the 
accumulation of solids. For example, periodic flushing does not remove solids that 
are deposited to surfaces. Reservoir and drain configurations do not always allow 
solids to leave the device even when water is flushed through the device. In addition, 
the quality of water supply varies greatly between municipalities, which makes the 

30 application and maintenance of conventional systems difficult unless specific water 
conditions at the installing location are known. 

One of the bigger product issues for steam humidifiers is the failure of 
the internal heating element. This failure is predominantly attributed to poor water 
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quality causing a residue build-up on the heating element. Over time, this build-up 
causes the heating element to deteriorate and fail. 

In general, improvement has been sought with respect to such 
humidifier systems, generally to reduce maintenance, improve efficiency, and 
5 improve system reliability. 

Summary 

In one aspect, the present invention relates to a humidifier system 
including a heating element positioned adjacent to a reservoir for heating filtered fluid 

10 within the reservoir. The humidifier system includes a filter assembly capable of 
filtering particles sized 1 .0 micrometers and larger. The humidifier system further 
includes an electrically activated valve positioned to selectively permit fluid flow 
from a supply source to the filter assembly. 

In another aspect, the present invention relates to a filtering system 

1 S having a filter assembly capable of filtering particles sized 1 .0 micrometers and 

larger. The filtering system includes a fluid level detection mechanism having first 
and second float devices to detect the fluid level in a reservoir. The filtering system 
further includes a flow control valve positioned to selectively provide fluid flow from 
a supply source to the filter assembly. 

20 In yet another aspect, the present invention relates to a filtering system 

having a filter assembly capable of filtering particles sized 1 .0 micrometers and 
larger. The filtering system includes a fluid level detection mechanism having a 
magnet and reed switch to detect the fluid level in a reservoir. The filtering system 
further includes a flow control valve positioned to selectively provide fluid flow firom 

25 a supply source to the filter assembly. 

In still another aspect, the present invention relates to a humidifier 
system including a heat source configured to heat fluid with a reservoir. The 
humidifier system includes a filter assembly capable of filtering particles sized 1.0 
micrometers and larger. The humidifier system further includes an electrically 

30 activated valve positioned to selectively permit fluid flow firom a supply source to the 
filter assembly, and a fluid level detection mechanism. 

A variety of aspects of the invention are set forth in part in the 
description that follows, and in part will be apparent firom the description, or may be 
learned by practicing various aspects of the disclosure. The aspects of the disclosure 



3 



V 



may relate to individual features as well as combinations of features. It is to be 
understood that both the foregoing general description and the following detailed 
description are exemplary and explanatory only, and are not restrictive of the claimed 
invention. 

5 

Brief Description of the Drawings 

FIG. 1 is a schematic representation of one embodiment of a 
humidifier system in accord with the principles disclosed; 

FIG. 2 is a bottom perspective view of one embodiment of a reservoir 
10 of the humidifier system that is schematically represented in FIG. 1; 

FIG. 3 is another schematic firont elevational view of the reservoir 
shown in FIG. 2, including one embodiment of a filter assembly that is schematically 
represented in FIG. 1 ; 

FIG. 4 is firont perspective view of the reservoir shown in FIG. 2; 
1 5 FIG. 5 is a top perspective view of the filter assembly schematically 

represented in FIG. 3; 

FIG. 6 is a partially exploded, firont perspective view of the filter 
assembly of FIG. 5; 

FIG. 7 is a partially exploded, firont perspective view of the reservoir 
20 shown in FIG. 4; 

FIG. 8 is a schematic representation of the reservoir shown in FIG. 7, 
including one embodiment of a fluid level detection mechanism; and 

FIG. 9 is a schematic representation of the reservoir shown in FIG. 7, 
including another embodiment of a fluid level detection mechanism. 

25 

Detailed Description 

Reference will now be made in detail to exemplary aspects of the 
present disclosure that are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers will be used throughout the drawings to refer to 
30 the same or like parts. 

I. General Overview 

FIGS. 1-9 illustrate a humidifier system 10 having features that are 
examples of how inventive aspects in accordance with the principles of the present 
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disclosure may be practiced. FIG. 1 schematically illustrates one embodiment of the 
humidifier system 10. The system 10 includes a filter assembly 12, a tank or reservoir 
14 configured to produce steam, and a control system 16. The control system 16 
includes a fluid level detection mechanism 18 and a flow control device 20 that 
5 controls the flow of a supply fluid, such as water, firom a fluid supply pressure source 
28 to the reservoir 14. 

The system 10 is used to humidify air within a home, for example. 
Humidifier system 10 allows the homeowner to keep their furnishing at home in good 
condition and to live in a consistently comfortable environment with a system that 
1 0 requires low maintenance. It is contemplated the present system can be used in a 
variety of applications, other than a home, where it is desirable to humidify the 
environment. 

FIG. 2 illustrates one installation configuration. The reservoir 14 is 
mounted to the underside of an air duct 22. Other mounting configurations are 

1 5 contemplated, such as mounting the reservoir 14 to the side of an air duct or an 

extension of an air duct. The filter assembly 12 (shown in FIG. 3) can be mounted 
adjacent to the reservoir 14 or may be mounted a distance from the reservoir in an 
area where the filter assembly 12 is more easily accessible, or plumbing is available. 
Typically the filter assembly 12 is mounted between two exposed wall studs on a wall 

20 surface. 

II. Components 

25 

A. Filter Assembly 

The most common type of filtration systems in water treatment is the 
"normal" mechanical filter where all influent passes through a filter medium that 
30 removes contaminants to produce higher quality water. Mechanical filtration systems 
are effective in removing suspended solids from water, although suspended solids 
only account for a portion of the total solid contaminants. 

The humidifier system 10 of the present disclosure offers a two-stage 
filtration arrangement or filter assembly 12 that eliminates chlorine, particulates, and 
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other dissolved solids from the water before it passes through to the reservoir 14. The 
filter assembly 12 prevents residue buildup on system components, dramatically 
reducing maintenance and component failures that can result in areas with poor water 
quality. 

5 Referring generally to FIGS. 3 and 5, the filter assembly 12 of the 

present disclosure includes a first filter 40 or pre-filter and a second filter 50. It is 
contemplated that the filter assembly could incorporate a greater number of filters to 
provide a multi-stage filtration arrangement (i.e. a three-stage, four-stage, (etc.) 
filtration arrangement) in applications where such filtration is needed. Alternatively, 

10 the filter assembly 12 could include only one filter component. 

The first filter 40 is arranged in series with the second filter 50. The 
filter assembly 12 is arranged in series with the reservoir 14 and can be mounted 
adjacent to the reservoir 14 or a distance from the reservoir 14. In the illustrated 
embodiment, a bracket 62 is provided to mount the filter assembly 12 at a desired 

1 5 location. Conventional fasteners can be used to secure the mounting bracket 62 at the 
desired mounting location. 

In one embodiment, the filter assembly is capable of eliminating 
particles having a size of 1.0 micrometers and larger. A filter assembly having the 
capability of filtering 1 .0-sized particles may be referred to as a high-filtration 

20 assembly. In another embodiment, the filter assembly is capable of eliminating 
particles having a size of 0.1 micrometers and larger. A filter assembly having the 
capability of filtering 0.1 -sized particles may be referred to as a micro-filtration 
assembly. In yet another embodiment, the filter assembly is capable of eliminate 
particles having a size of 0.01 micrometers and larger. A filter assembly having the 

25 capability of filtering 0.0 1 -sized particles may be referred to as a ultra-filtration 
assembly. In another embodiment, the filter assembly includes a reverse osmosis 
filter element and the filter assembly is capable of eliminating particles having a size 
of 0.001 micrometers and larger. A filter assembly having the capability of filtering 
0.001 -sized particles may be referred to as a hyper-filtration assembly. 

30 

1. First Filter Component 

Referring now to FIG. 6, the first filter 40 includes a filter cartridge 42, 
a filter housing 44, and an end cap 46. The first filter 40 also includes an inlet 48 and 
an outlet 49. In the illustrated embodiment, the inlet 48 and outlet 49 are located in 
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the end cap 46. The inlet 48 of the end cap 46 is in selective fluid communication 
with the fluid pressure source 28 (FIG. 1). The outlet 49 is in fluid communication 
with the second filter SO. 

As shown in FIG. S, the filter assembly 12 includes mounting 
S structures 66 to mount the end cap 46 of the first filter 40 to the mounting bracket 62. 
The mounting structures 66 can include fasteners that extend through holes in the 
bracket 62 and engage with the end cap 46 to secure the end cap in position. 
Referring back to FIG. 6, the filter housing 44 detachably secures to the end cap 46. 
The housing can detachably secure to the end cap by a snug interference fit, or can 

10 include threads that engage with corresponding threads of the end cap. As shown in 
FIG. 5, a specially-adapted hand tool 96 may be used to connect and disconnect the 
filter housing 44 to and from the endcap 46. 

In one embodiment, the first filter can include a particulate filter 
cartridge 42 designed to remove large suspended solids, along with an adsorbent 

IS material to remove chlorine. Such particulate filters include standard carbon pre-filter 
elements that filter chlorine from supply water as well as roughly filter suspended 
solids. These standard filters can include cartridges or bag filters that remove residual 
insoluble material of up to 0.5 microns. Such filters can also remove turbidity and 
oxidized metals, like iron and manganese. One example of a standard carbon pre- 

20 filter element is a CTO/3 Carbon Filter manufactured by Yeu Chemg, Taiwan Model 
No.: 120-099-66S8-952. Many other types of particulate filter cartridges can be used 
in accordance with the principles disclosed. Another example of a particulate filter 
that can be used is Model: C FX UTC, manufactured under the trademark 
SMARTWATER by General Electric. 

2S The first filter 40 is arranged to pre-treat the feed water firom the fluid 

pressure source 28 prior to the second filter SO. In an alternative embodiment 
chemical pumps can inject acid or antiscalants to keep salt soluble, or biocontrol 
agents to prevent biofouling. 

30 2. Second Filter Component 

As shown in FIG. 6, the second filter SO of the filter assembly 12 
includes a filter membrane assembly S2, a second filter housing S4, a first end cap S6, 
and a second end cap 57. The second filter SO also includes an inlet 58 and first and 
second outlets 59, 60. In the illustrated embodiment the inlet 58 is located at the first 
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end cap 58. The first and second outlets 59, 60 are located at the second end cap 57. 
The inlet 58 of the second filter 50 is in fluid communication with the outlet 49 of the 
first filter 40. The first outlet 59 of the second filter 50 is in fluid communication with 
the reservoir 14 of the humidifier system 10. The second outlet 60 of the second filter 
5 50 is plumbed to drain 36 (shown schematically in FIG. 1). Standoff brackets 64 can 
be provided to mount the second filter assembly 50 to the filter assembly mounting 
bracket 62. 

The filter membrane assembly 52 includes a semi permeable 
membrane that passes through water molecules but will not pass a great percentage of 
10 the solutes (i.e., dissolved material). The semi permeable membrane can consist of a 
spiral wounds parallel-flow, membrane. The nature of the spiral wound, parallel-flow 
membrane provides for the flushing of the membrane to remove rejected 
contaminants from the membrane's surface, thereby extending the life of the filter 
element. 

15 In particular, the second filter arrangement provides parallel flow and 

cross flow through the second filter. This type of filtration is more commonly 
referred to as reverse osmosis (RO). In RO filtration, a portion of the incoming feed 
water (the parallel flow) is used to carry away contaminants. The flow carrying away 
the contaminants can be referred to as rejection water. The rejection water or 

20 parallel flow continuously sweeps the membrane surface, minimizing buildup of 
rejected impurities to allow free flow of purified water into the reservoir. This 
provides consistent performance and reduces the need for frequent membrane 
assembly replacement. The flow that passes through the membrane is the cross flow. 
In general, the two-stage filter assembly 12 of the disclosed humidifier system 10 

25 removes particulate, chlorine, and virtually all other contaminants from the water. 
Therefore, the components of the system 10 remain clean, resulting in decreased 
maintenance and failure. One example of a reverse osmosis filter is manufactured by 
FILMTEC Corp., Model No. TW30-1 812-50. 

The humidifier system 10, shown schematically in FIG. 1, is 

30 configured to operate on water line pressure t3^ical of residential systems (less than 
125 psi). In one application, the flow control device 20 of the humidifier system is 
linked to a fluid pressure source 28 rated at about 50-60 psi so that a sufficient 
pressure differential is provided across the second filter 50 of the filter assembly. The 
filter assembly 12 is sized accordingly to provide flow capacity to process and deliver 
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a sufficient volume of purified feed water to the reservoir 14 to keep up with the 
system's delivery rate of humidity. For example, the first and second filters 40, 50 are 
sized for consideration of allowing for declining output due to cartridge 42 or 
membrane assembly 52 fouling. In typical applications, the filter assembly 12 is sized 
5 to provide purified water output of approximately 50 gallons per day. 

The filter assembly 12 is designed such that contaminants not 
discharged in the wastewater (rejection water) are captured by the first and second 
filters 40, 50. The first and second filters 40, 50 are arranged so that they are easily 
replaceable by a homeowner. The average life of the pre-filter or first filter 40 is 

10 about one year (six months of operating time). The average life of the second filter 50 
is about two years (one year of operating time). It is to be understood, however, that 
each filter^s lifetime is subjective, based upon the quality of water that is being 
supplied, and how much humidification is required in the home. 

The process of reverse osmosis and the rejection of dissolved materials 

1 5 takes place under pressure, with flie purified water (the cross flow) passing across the 
semi-permeable membrane to a lower pressure region (i.e. atmosphere). It is not 
mechanical filtration, such as you would find in conventional filter assemblies having 
only a single cartridge filter. In such mechanical filtration arrangements, all the 
solution passes through the filter media and some of the suspended material in 

20 solution is caught by direct interception or inertial impaction on the filter media. 

Rather, in the reverse osmosis second filter, the pre-filtered feed water passes over the 
membrane, and pressure forces a percentage of the feed water, in purified form, 
through the membrane. At the same time, the remaining percentage of the feed water, 
carries away contaminates in the form of rejection water. 

25 Pressure is provided by the fluid pressure source 28 when fluid 

communication is permitted to the filter assembly 12. Pressure is partially maintained 
by a restrictor 34 positioned prior to the drain 36. The restrictor creates a constrained 
flow to drain 36 so that feed water is directed through the membrane assembly 52 of 
the second filter 50, while still permitting flushing of rejected contaminants. 

30 Conventional reverse osmosis water treatment systems that employ a 

rejection water configuration to flush contaminants firom a filter element generally use 
an automatic shutoff assembly to tum off the feed water and conserve water when 
there is no demand for purified water. Generally, automatic shutoff assemblies 
include a simple mechanical diaphragm valve mechanism, activated by the pressure of 
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the fluid that has not yet passed through the filter. In some situations, however, 
rejection water can be continuously generated: for example, when the rate at which 
the diaphragm valve closes does not generate a back pressure sufficient to cause the 
automatic shutofif assembly, i.e. diaphragm switch, to positively close; or line 
5 pressures are either too low or too high to allow the proper operation of the diaphragm 
switch. In order to promote water conservation if this condition exists, a device for 
rapidly and positively shutting off water to the filter assembly is needed. 



B. Reservoir / Heating element 

10 In the illustrated embodiment, a one-way valve or check valve 24 

positioned between second filter 50 of the filter assembly 12 and the reservoir 14. 
The check valve 24 permits one-way fluid flow fi-om the filter assembly 12 to the 
reservoir 14. The check valve is arranged so that purified water leaving the second 
filter 50 is not permitted to back flow into the second filter 50. In the illustrated 

15 embodiment, the check valve 24 is positioned at the first outlet 59 of the second filter 
50. It is contemplated that the check valve 24 can be located at any point along the 
fluid pathway 78 between the second filter 50 and the reservoir 14. 

As shown in FIG. 4, the reservoir 14 includes a fluid input port 68 and 
an overflow or output port 70. A drain port (not shown) may be located at the bottom 

20 of the reservoir 14. In the illustrated embodiment, the overflow 70 includes a 
bulkhead fitting. The fluid input port 68 is in fluid communication with the first 
outlet 59 (FIG. 6) of the second filter 50. The overflow bulkhead 70 can be connected 
to drain (not shown). 

The reservoir 14 is sized to keep up with the demand for humidity 

25 within the home. In one embodiment, the reservoir is of a seamless drawn metal 
construction having a height hi, a width wl and a depth dl . In the illustrated 
embodiment, the height hi is approximately 5.5 inches, the width wl is 
approximately 10.5 inches, and the depth dl is approximately 8.5 inches. Other 
reservoir sizes and constructions, configured to meet the operating requirements of the 

30 humidifier system, can be used. 

The humidifier system 10 includes a heat generation source 25 (FIG. 
1). The heat source 25 operates to heat water within the reservoir 14 to produce 
steam. The heat source 25 may be positioned within the reservoir 14 or external to 
the reservoir 14. A gas-fired heater is an example of an external heating source that 

10 



may be used in one embodiment. In another embodiment, the heat source 25 includes 
a heating element 26 located within the reservoir 14, In use, the heating element 26 is 
immersed within the water and heats the water to a temperature at which steam is 
produced. The heating element 26 is sized in accordance with the reservoir 14 to keep 
5 up with the demand for humidity within the home. In one embodiment, the heating 
element 26 is rated to expend about 1,500 to 2,000 watts of electricity. The immersed 
heating element can include, for example, a nickel-plated brass sheath element. 

C. Control System 

10 As shown in FIG. 1, the control system 16 includes a fluid level 

detection mechanism 18 and a flow control device 20 that controls the flow of a 
supply fluid, such as water, from a fluid supply pressure source 28 to the reservoir 14. 
The control system 16 can be located adjacent the reservoir 14. In the alternative, the 
control system can be mounted at an area located away from the reservoir 14 provided 

IS the proper electrical connections are available. 

1. Flow Control Device 

The flow control device 20 of the control system 16 includes a valve 
arrangement 30 (FIG. 1). In one embodiment, the valve arrangement 30 is an 

20 electrically actuated valve arrangement 31 (FIG. 6) selectively operated by signals 
generated by the fluid level detection mechanism 18. The electrically actuated valve 
arrangement 3 1 provides the advantage of rapid, positive actuation. Other types of 
valves, other than electrically actuated valves, operating with rapid and positive 
actuation can be used. For example, in alternative embodiments, a rapid-actuating 

25 ball valve or spring-assisted mechanical arm could be used. In the remainder of the 
present disclosure, the system 10 will be described with use of an electrically actuated 
valve arrangement 3 1 . 

In one embodiment, the electrically actuated valve arrangement 31 
includes a solenoid valve 100 having an inlet 102 and an outlet 104. The inlet 102 is 

30 in fluid communication with the fluid pressure source 28. The outlet 104 is in 
selective fluid communication with the inlet 48 of the first filter 40. 

In the illustrated embodiment, the solenoid valve 100 is a normally- 
closed solenoid valve. The normally-closed solenoid valve 100 closes fluid 
communication between the fluid pressure source 28 and the filter assembly 12 when 
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the valve 100 is de-energized. (The solenoid valve is de-energized when an electrical 
current is not supplied to the valve.) When the solenoid valve 100 is energized (i.e. 
an electrical current is supplied), the solenoid valve 100 opens fluid communication 
between the fluid pressure source 28 and the filter assembly 12. In accord with the 
previously described filter assembly 12, rejection water is thereby expended only 
when the solenoid valve 100 is energized. 

Because the filter assembly 12, in particular the second filter SO, has a 
performance rating which is a function of the pressure differential across the 
membrane assembly 52, it is recommended to operate the humidifier system 10 in a 
fiilly open state or a fiilly closed state only. The electrically activated solenoid valve 
100 ensures a rapid and reliable change in state fi-om a fully open position to a fiilly 
closed position, even against a wide range of supply line pressures. 

Unlike conventional shutoff valve assemblies previously described, the 
control system 16, including the solenoid valve 100 and the fluid level detection 
mechanism to sense the water level at which the solenoid valve 100 should be 
activated, maintains the proper water level and positively stops rejection water from 
being generated. By providing the desired fully open and fully closed positions, the 
solenoid valve 100 increases the performance, efficiency, and life of the humidifier 
system 10. 

An added benefit of the disclosed control system 16 is that the 
normally-closed solenoid valve 100 allows for system maintenance, such as filter 
replacement, without the need to manually close a line to the fluid pressure source 28 
to prevent inadvertent water discharge. In an alternative embodiment, the solenoid 
valve may be normally open when not energized, and may close when energized. 

2. Fluid Level Detection Mechanism 

The operation of the solenoid valve is controlled by the fluid level 
detection mechanism. In one embodiment the fluid level detection mechanism 
provides a large switch differential to minimize the number of solenoid valve cycles, 
thereby extending the life of the valve. In addition, when the system is providing 
purified water to a steam humidification system, the water surface can become 
severely agitated during times of steam generation or boiling. This large switch 
differential eliminates the possibility of rapid cycling of the solenoid valve due to the 
unstable water surface condition. 
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The large switch differential can be accomplished through the use of 
multiple water level sensors that define an upper water level limit and a lower water 
level limit for a normal fill cycle. The upper and lower water level limits define when 
the solenoid valve is opened or closed. The height between the upper water level and 
S the lower water level define an operating range. 

The illustrated fluid level detection mechanism 18, shown in FIG. 8, 
includes a float assembly 120. The illustrated float assembly includes a first float 122 
mounted on a first stem 126, and a second float 124 mounted on a second stem 128. 
The floats 122, 124 each include a magnet 123, 125. The first and second stems 126, 

10 128 are mounted to the reservoir 14 at connections 136, 138, shown in FIG. 7 (the 

stems are positioned within the reservoir 14). Each of the first and second stems 126, 
128 include at least a first reed switch 127, 129. In operation, the reed switches 
change position to either open or close a contact when the float changes height 
relative to the reed switch. The contacts are electrically connected to a relay assembly 

15 82 (FIGS. 1 and 7) that selectively energizes or de-energizes the solenoid valve 100 
(FIG. 1). The transformer 80 provides low voltage power to the relay assembly 82. 

III. Operation 

20 A. Installation Generallv 

In use, the reservoir 14 (shown in FIG. 2) is mounted to duct work 22 
in the home. The humidifier is ideally positioned in a location where an electrical 
cord 90 of the humidifier system 10 can be plugged in without an extension cord. The 
electrical cord 90 can be electrically coupled to a transformer 80 (FIG. 1) for 

25 components requiring low voltage power. The ideal location is also convenient for 
running a feed water supply line 72 (FIG. 1), a drain line 74, wiring 88 (FIG. 7) 
between the humidifier and the filter assembly, and wiring 89 between the humidifier 
and the fan of the home furnace. The filter assembly 12 can be mounted adjacent to 
the reservoir 14 or mounted at a location providing more convenient access to the 

30 filter assembly 12 by a homeowner. 

A connection is made into an existing water line to access the fluid 
pressure source 1 8. The connection can include, for example, a conventional saddle 
valve 38 (shown in FIG. 7), which is self-piercing when installed on a copper pipe. 
Now referring to Figs. 1 and 3, the feed water supply line 72 is coupled to the inlet 
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102 of the solenoid valve 100. A first feed line 76 is attached between the outlet 104 
of the solenoid valve 100 and the inlet 48 of the first filter 40. A second feed line 77 
is attached between the outlet 49 of the first filter 40 and the inlet 58 of the second 
filter 50. A third feed line 78 is attached between the first outlet 59 of the second 
5 filter 50 and the fluid input port 68 of the reservoir 14. A rejection water line or drain 
line 74 is attached to the second outlet 60 of the second filter 50 and routed to drain 
36. 

In one embodiment, the feed water supply line 72 running firom the 
saddle valve 38 to the solenoid valve 100 can include one-fourth inch OD 

10 polypropylene or copper tubing. The first feed line 76 rurming firom the solenoid 
valve 100 to the first filter 40 can include one-fourth inch OD polypropylene or 
copper tubing. The second feed line 77 running from the first filter 40 to the second 
filter 50 can include one-fourth inch OD polypropylene or copper tubing. The third 
feed line 78 running from the second filter 50 to the reservoir 14 can include one- 

15 fourth inch OD copper tubing. The drain line 74 can include one-half inch ID drain 
line, made of polypropylene or PVC, for example. The above material specifications 
are exemplary specifications. Other types of tubing and line configurations are 
contemplated. 

20 B. Normal Humidification Operations 

Humidifiers operate under the principle that as dry air and vapor mix, 
the relative humidity of the air rises. A humidistat 92 (FIG. 7) monitors the relative 
humidity and activates the humidifier system 10 accordingly. Typically, the 
humidistat 92 is located in tiie home living space near the thermostat. In general, 

25 when the humidistat 92 calls for humidity, the heating element 26 starts heating the 
water in the reservoir 14. A thermal sensor switch 84 on the reservoir senses the 
temperature of the water in the reservoir 14. When the water is heated to a 
predetermined first temperature, the thermal sensor switch 84 activates the relay 
assembly 82 that turns on the fiimace fan (not shown). 

30 The warm dry air is routed through the humidifier system 10. Water 

vapor from the humidifier is picked up by the air and the humidified air is then 
circulated throughout the home by the fiimace fan. When the humidistat 92 
determines that the desired level of humidity in the home has been reached, the 
heating element 26 in the reservoir 14 is tumed off. The fan continues to circulate the 
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air until the water in the reservoir 14 cools to a second predetermined temperature. In 
typical applications, the first predetermined temperature is about 1 70^F and the 
second predetermined temperature is about 120°F. 

In the alternative, the water could cool to the second predetermined 
5 temperature while the heating element is still on. To illustrate, as the heating element 
26 generates steam, the water level in the reservoir 14 decreases. The system 10 
refills the reservoir 14 with cold water when the water level reaches a certain point, as 
is described in greater detail hereinafter. If the replenished water is cooled to a 
temperature at or below the second predetermined temperature, the thermal sensor 
10 switch 84 would shut off the fiimace fan until the water temperature again reaches a 
steam-producing temperature, assuming the call for humidity firom the humidistat 92 
is unchanged. 

When the water level in the reservoir decreases, the fluid level 
detection mechanism 18 electrically communicates with the flow control device 16 to 

15 refill the reservoir. The float assembly 102 operates to maintain the water level in the 
reservoir 14 between a first predetermined height HI and a second predetermined 
height H2, shown in FIG. 8. 

In the illustrated embodiment, the second float 124 of the float 
assembly 120 is configured as a low fluid level float 124. The low level float 124 

20 generates a signal when the water level in the reservoir 14 is at the second 

predetermined height H2. As illustrated, the second predetermined height H2 is less 
than or lower than the first predetermined height HI , generally at a level where it is 
desirable to begin filling the reservoir 14. 

When the water level is at the second predetermined level H2, the 

25 second float 124 correspondingly floats or follows the water level to a position where 
the magnet in the second float 124 causes the reed switch in the second stem 128 to 
change states and generate a begin-fiU or low-water signal. The low-water signal is 
sent to the relay assembly 82, which energizes the solenoid valve 100 to open fluid 
communication between the fluid pressure source 28 and the filter assembly 12. 

30 The first float 122 of the float assembly 120 in the illustrated 

embodiment is configured as a high fluid level float 122. The high level float 122 
generates a signal when the water level in the reservoir 14 is at the first predetermined 
height HI . As illustrated, the first predetermined height is generally at a fill level not 
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to be exceeded. When the water level is at the first predetermined level HI, the first 
float 122 correspondingly floats or follows the water level to a position where the 
magnet in the first float 122 causes the reed switch in the first stem 126 to change 
states and generate a stop-fill or high-water signal. The high-water signal is sent to 
5 the relay assembly 82, which de-energizes the solenoid valve 100 to close fluid 
communication between the fluid pressure source 28 and the filter assembly 12. 

In the illustrated embodiment shown in FIG. 8, the first predetermined 
height HI, the position at which the first reed switch (not shown) is positioned within 
the first stem 126 to switch or generate a high- water signal, is approximately 80 mm 

10 firom the bottom of the reservoir 14. The second predetermined height H2, the 

position at which the second reed switch (not shown) is positioned within the second 
stem 128 to switch or generate a low- water signal, is approximately 65 mm fi-om the 
bottom of the reservoir 14. This provides an operating height differential of 
approximately 15 mm within which water can be heated to generate steam, prior to 

1 5 the addition of non-heated water. 

Referring back to FIG. 1, it can be understood that that humidifier 
system 10 is only pressured in the region firom the fluid pressure source 28 to the inlet 
102 of the solenoid valve 100, which includes the feed water supply line 72. The 
remaining components—the outlet 104 of the solenoid valve, the filter assembly 12, 

20 the first, second, and third feed lines, the restrictor 34, and the drain line 74— are non- 
pressurized when the solenoid valve is de-energized. 

C. Abnormal Operation 

The disclosed humidifier system 10 includes three features to respond 
25 to abnormal operating conditions: a built-in overflow, a low-water cutoff switch, and 
a thermal cutoff switch. 

The built-in overflow or bulkhead 70 of the reservoir 14 is positioned 
and configured to direct excess fluid to drain in the event the reservoir should over 
fill, i.e. the system 10 continues to fill above the first predetermined height HI . The 
30 bulkhead 70 is sized to drain a volume of water at a rate equivalent to or greater than 
the rate at which water can be added to the reservoir 14. 

In contrast, the humidifier system 10 is configured to detect a situation 
when the water level becomes too low. As shown in FIG. 8, the first float 122 of the 
float assembly can also be configured as a heater-shutoff float. The heater-shutoff 
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float 122 generates a power-cutoff signal when the water level in the reservoir is at a 
third predetermined height H3. As illustrated, the third predetermined height H3 is 
less than or lower than the second predetermined height H2, generally at a level where 
operation of the heater could be unsafe. When the water level is at the third 
predetermined level H3, the first float 122 correspondingly floats or follows the water 
level to a position where the magnet in the first float 122 causes a third reed switch 
(not shown) in the first stem 126 to change states and generate the power-cutoff 
signal. The shutoff signal is sent to the relay assembly 82, which powers down the 
heating element until maintenance is performed on the humidifier system 10. In the 
illustrated embodiment, the third predetermined height H3, at which the reed switch 
(not shown) of the first float 122 is configured to switch or generate a power-cutoff 
signal, is approximately 50 mm firom the bottom of the reservoir 14. 

It is contemplated that the power-cutoff configuration could also be 
incorporated into the second float 124 and second stem 128. That is, the second float 
124 could be configured to generate a shutoff signal so that the relay assembly 82 
powers down the heating element when the water level reaches the third 
predetermined height H3. Still, in another embodiment as shown in FIG. 9, the float 
assembly 120' could include a first float and stem configuration 122', 126' that 
fiinction only to generate the shutoff signal, and a second float and stem configuration 
124*, 128* that operates to generate both the begin-fiU and stop-fill signals. 

The above specification, examples and data provide a complete 
description of the manufacture and use of the composition of the invention. Since 
many embodiments of the invention can be made without departing from the spirit 
and scope of the invention, the invention resides in the claims hereinafter appended. 
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